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Partlcle Acceleratlon in Clslunar _Egce
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luminescence when enstatlte achondrltes are bombarded by
o732

The recent dlscovery of a characteristic red

40 kev protons led Kopal and Rackhama' to observe the

. moon in order to'determlne whether a similar luminescence

' - “might be excited in lunar materials by solar wind

. ‘bombardment. ‘On.the nlght of Nov. 1-2, 1963, Kopal and -
Rackham observed an enhanced red emission from the

'vicinity of‘theAcratef Kepler. The duration of the red

glew was of,ﬁhe order of ten minutes or ldnéer, and
it appeared twice within a two-hour period. No
repetition of this phenomenon was observed.on the
following night or at ﬁhe he#t lunation. |

. Among the circumstances which may be relevant to

an explanation of this phenomenon are the following :

The enhanced emission took place within one day of full

moon. There had been‘a‘class 3 solar flare on

October 28.and,two'elass 1 flares on November 1, and

.the earth wae:ih a magnetically-disturbed region of

‘space. _Cosmic ray neutron counts indicated that

rébovery from a Forbush decrease was taking.place at



T

.’ the time of the luninescence.
Kopal and Rackham® noted that the red glow from

‘the Kepler region_approximately doubled the brightness

of the lunar surface there, so that.the.amount of

'~ energy emitted:in the red was apprcximately'104 ergs/'cm2 sec.
S They further ccnc;uded2 that since thefhighest luminescent
efficienth(in,the gustee meteorite) had been found to
'-be 20 perx centl;.it.wae likely that thelincoming energy'
'responsible for the Luminescence was at least

.5 x 10 .erg/cmz sec. The Other two enstatite.achondritee
examined by Derham and Geake1 had a lumln;us efficiency
lower by a factor of three, so 1t is not&unllkely that
~ the 1nc1dent energy exceeded lO5 erg/cmznsec.‘ Because
approximately the same lumlnous efficiency is found | ;‘
dur ing bombardment of the meteorite powder by photone _t.

. of several mev as by protons of 40 kev?

. it appears
likely that the above conclusions are not _sensitive to

 the energy-of.the'particles‘bcmbarding the lunar

' surface.

Kopal and Rackham?® have discussed a possible
1nterpretatxon that the above events resulted from

bombardment of the lunar surface by an enhanced flow _




of solar plasma‘initiated by.the preceding solar activity.
Tﬁey noted that‘the'energy £lux reqdired was five orders
of ﬁagnitude greater than that-normallyravailable in
the solar wind, which must’be considered a difficulty.
Kopal* has suégested that aolalternative mechanism
"'might be required io‘whiCh the lunar bombardment would
involve particles, of’energyvgreater than those of the
solar wind, whieb had been accelerated.in the preceding
class 3 flare’aﬁd trapped by the ehaotic magnetic field
configuratioh‘thep existing in interplanetary space.

It ig the puréose,of the presentucommunrcatioo to
'suggest a further alternatlve.,'

The reglon of interaction between the solar wind:
and the earth's magnetosphere is very'complex,’but the
'follow1ng general plcture has emerged (see for example
Hines®). In the solar direction the pressure of the
‘.solar wind compresses rhe magnetosphere;:but the solar
wind must theh.flow around the magnetosphere, so that
:in the antisolar direcrion.e;long cavity is formed into
. which the terresrrial.magnetic field'ceo expahd. Quite'e
lerge energetxc part:.cle fluxes are observed near the |

'v”.magnetosphere boundary 1n the antlsolar dlrectlon, and -



] it has been suggested that the region of trapped radiation
may extend to 5 distance comparable to that of the
'.moone. A recent‘analysis of terrestrial magnetic activity
has shown fhat the general level of activity is slightly
changed for sevérélkdayé on either side of full moon,

, suggesting‘ﬁhat the éﬁtiéolar magnetic cavity may

:extend to the lﬁnarvdistancé7. Siﬁée>tbe solar wind

,éxhibits supersopic‘fiow withlrespect to the earth, it

:ig necessafy tﬁat a stahding.shock'wave'must be formed
fbeyond the magnetopause. The highly turbu;ent magnetic’
 fields betweén'the shbék front and the magnetopause
. ﬁave beenbobsérvede. |

It seems to bé the case that Qherever turbulent

fluid motions and chaotic maénetic fields exist‘in
nature, the.écceieration of chafged particles to energies
much exceeding'thermél ehérgies takes plaée. This is
.ihferred to bé thé caSg ih st:ong'extfagalacﬁic radio
sources, in supernova remnants, in solar flares, and‘in ,
‘ the magnetqsphe:é itself. One acceleration mechapism
4which can be.Very efficient.in certain:qircumsféncés -
is the secondtofﬁer7éccéieration'of charged paiticlesf

traversing time-varying fluctuations in a magnetic .
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;field system’ . This is probably responsible for the
acceleration of partiéles in‘the outer part of the
magnetosphe:e which are then dumped directly into the
'.atmosphere to produce éurdrés. The process wi}l be
enhanced at times of greater magnetic activity'when
the solar wind is exertihg vérying pressure oh the
magnetopause. |

It is a logical extension of these considérations
tb expect fhat extensivé particle accelefation wiil take
place in.the shock zoﬁe beydnd the magnetopause. The‘
particles thus agcelerated will be discharged down the - .
magnetic field linés_in the antisolér directidn. By
~analogy with the‘éuroral discharges, it is possibie
that ﬁhevparticle beams in the antisolar direction may
carry én energy'flux.iarge'compared to:that in the solar
wind. However, since the enérgy going into the charged. .
particle beams must be de?ived‘from.that of the solar |
wind,Jit is evident that such particle streams will be
’isolated in local regidné‘of séace,vand_that the
'integrated*energyiflux of-p1asma and particles togeﬁher
" cannot éxceed'the'in;ﬁiai'gnérgy flukrof.the‘plasma £low. -
| Thé‘Lumineséencé”near the Crater_Keple:”obgérved |

=5



b& Kopal and Rackham may have been produced by these
energetic particle streams. It.may also have been
produced by trapped radiation in the distaat tail of

the magnetosphere.. Many more'observations will be
.needed to evaluate the plausibility of these two
.possibilities.: 15 either case such luminescence can

be expected to occur principally at times near full
moon and during qnusually large magnetic activitonn
athe earth;'.Becauee of the localized naturecof the
" incident particle streams, icnar luﬁinescence excited
in this way iS'likelylto be observedvcnly in small
,;regions of the moon at any cne,time'and tc exhibit
variations withlperiods of a few minutes.
BeCapse cf thejcoﬁplex character of the phenomenaﬁ ' .
'3sdggested here?'it_is not,pcSSible‘to'suggest the-range
of‘energies‘to:which particles.are likely to be
-accelerated;iﬁ.the'shock zone, and hence it is not clear
.whether such partrcle streams will consticgte a
Sradlatlon hazard to ‘a.manned lunar landing or‘tc'manned-
sbacefllght in the antlsolar dlrectloﬁr |
. I wish to thank Dr. Z. Kopal for a stlmulatlng

discussion. of hxs observations. -

A.G.W. Cameron [f;fjuvnvwikta é;huﬂjld"
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National Aeronautzcs and Space Admlnlstratlon,

New York, N.Y. -
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